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© Method and apparatus for digital signal transmission using orthogonal frequency division 
multiplexing. 
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© A digital signal transmission using OFDM modu- 
lation scheme in which the valid transmission data 
can be reproduced without requiring a recovery of 
the carriers at a receiver side. On a transmitter side, 
the transmission data sequence in which predeter- 
mined reference data for each carrier are placed 
among valid transmission data is modulated accord- 
ing to an orthogonal frequency division multiplexing 
(OFDM) modulation scheme using a plurality of car- 



riers and obtained OFDM transmission signals are 
transmitted. On a receiver side, the received OFDM 
transmission signals are demodulated to obtain re- 
ceived data sequence containing valid received data 
and received reference data, and the valid transmis- 
sion data are estimated from the received data se- 
quence according to the valid received data, the 
received reference data, and the predetermined ref- 
erence data for each carrier. 



Rank Xerox (UK) Business Services 

<3. 1 0/3.6/3.3. 1) 



EP 0 553 841 A2 



VALID 

TRANSMISSION 
DATA 



INTERLEAVE 

MATRIX 

UNIT 



C 102 


REFERENCE 




DATA 




MEMORY 






FIG.l 



113 



s 



103 



SERIAL/ 

PARALLEL 

CONVERTER 



s 



104 



OFDM 
MODULATOR K 
(IFFT) 



105 



PARALLEL/ 

SERIAL 

CONVERTER 



SWITCH CONTROL 
SIGNAL 



109 



106 



-107 



TRANSMISSION DATA 
SWITCH CONTROL 
UNIT 



110 



REFERENCE DATA 
POSITION MEMORY 



D/A 

CONVERTER 





LOW 






PASS 






FILTER 





<;108 



FREQUENCY 
CONVERTER 



111 



TRANSMISSION 
SYMBOL COUNTER 



TRANSMISSION 
SIGNALS 



112 



CARRIER NUMBER 
COUNTER 



2 



1 



EP 0 553 841 A2 



2 



BACKGROUND OF THE INVENTION 

Field of the Invention 



The present invention relates to a digital signal 
transmission suitable for a digital broadcasting to 
mobile receivers, and more particularly, to a digital 
signal transmission using an OFDM (Orthogonal 
Frequency Division Multiplexing) modulation 
scheme. 

Description of the Background Art 

A digital signal transmission using an OFDM 
modulation scheme (referred hereafter as the 
OFDM digital signal transmission scheme) in which 
the digital signals are transmitted by using a num- 
ber of mutually orthogonal carriers is known to 
have various advantages such as its capability to 
deal with multi-paths, its relatively high frequency 
utilization efficiency, and its nearly Gaussian white 
noise like spectrum which causes very little inter- 
ference with other communication services. For 
these reasons, the OFDM modulation scheme is 
considered to be particularly suitable for the ap- 
plication such as a digital audio broadcasting to 
mobile receivers. 

However, in comparison with a conventionally 
known digital modulation scheme using a single 
carrier, it is rather difficult in this OFDM modulation 
scheme to make a coherent demodulation by re- 
covering carriers at a receiver side. For this reason, 
in order to apply the OFDM digital signal transmis- 
sion scheme to a conventionally developed digital 
sound broadcasting in which each carrier is to be 
QPSK (Quadrature Phase Shift Keying) modulated, 
a signal transmission must be realized by using 
differential modulation and demodulation. 

On the other hand, in recent years, the OFDM 
modulation scheme has also been attracting atten- 
tions in view of its application to the digital TV 
signal transmission. In such an application, it is 
preferable to use a multi-level modulation such as 
16QAM (Quadrature Amplitude Modulation) to each 
carrier so as to increase the transmission bit rate. 

However, in a case of using the multi-level 
modulation such as 16QAM in which the data are 
carried not only by the phases of the signals but 
also by the amplitudes of the signals, it is difficult 
to reproduce the transmitted data by using the 
differential demodulation without making a recovery 
of carriers at a receiver side. 

In order to cope with this problem, it is possi- 
ble to consider a scheme in which a transmitter 
side provides reference data for the amplitude and 
the phase of each carrier at predetermined posi- 
tions within each transmission signal frame such 
that a receiver side can reproduce valid transmis- 



sion data according to the reference data transmit- 
ted by the transmission signals. 

However, this type of scheme is associated 
with the following problems. 

5 Namely, in a case the reference data for all the 

carriers are transmitted by one symbol, if the aver- 
age power of the reference data is larger than the 
average power of the valid transmission data, the 
average power of the symbol for transmitting the 

w reference data will become undesirably larger than 
the average power of the other symbols for trans- 
mitting the valid transmission data. 

In addition, in such a case in which the refer- 
ence data for all the carriers are transmitted by 

75 only one symbol, if the symbol for transmitting the 
reference data has an error, a very long burst error 
will be caused. 

Also, in a case only one value is used for the 
reference data, the signal peak level will be large 

20 such that the signal transmission will be easily 
influenced by the non-linearity of the transmission 
path. 

Consequently, there has been no convention- 
ally known OFDM digital signal transmission 

25 scheme in which the amplitude and phase refer- 
ence data can be interleaved in the transmission 
signals, and the valid transmission data can be 
demodulated by using the reference data without 
requiring a recovery of the carriers at a receiver 

30 side. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 

35 to provide a method and an apparatus for digital 
signal transmission using OFDM modulation 
scheme in which the valid transmission data can be 
reproduced without requiring a recovery of the car- 
riers at a receiver side. 

40 It is therefore an object of the present invention 

to provide a method and an apparatus for digital 
signal transmission using OFDM modulation 
scheme in which the increase of the signal power 
and the signal peak level due to the transmission of 

45 the amplitude and phase reference data can be 
suppressed. 

It is therefore an object of the present invention 
to provide a method and an apparatus for digital 
signal transmission using OFDM modulation 

50 scheme in which the influence of an error in the 
amplitude and phase reference data on the entire 
transmission signals can be reduced. 

According to one aspect of the present inven- 
tion there is provided a method for digital signal 

55 transmission, comprising the steps of: (a) obtaining 
transmission data sequence by placing predeter- 
mined reference data for each carrier among valid 
transmission data, the predetermined reference 
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data indicating amplitude and phase of prescribed 
reference points; (b) modulating a plurality of car- 
riers with the transmission data sequence obtained 
at the step (a) according to an orthogonal fre- 
quency division multiplexing (OFDM) modulation 
scheme to obtain OFDM transmission signals; (c) 
transmitting the OFDM transmission signals ob- 
tained at the step (b) to a transmission path; (d) 
receiving the OFDM transmission signals from the 
transmission path; (e) demodulating the OFDM 
transmission signals received at the step (d) to 
obtain received data sequence containing valid re- 
ceived data and received reference data; and (f) 
estimating the valid transmission data used at the 
step (a) from the received data sequence obtained 
at the step (e) according to the valid received data, 
the received reference data, and the predetermined 
reference data for each carrier. 

According to another aspect of the present 
invention there is provided a transmitter device for 
digital signal transmission, comprising: means for 
obtaining transmission data sequence by placing 
predetermined reference data for each carrier 
among valid transmission data, the predetermined 
reference data indicating amplitude and phase of 
prescribed reference points; modulator means for 
modulating a plurality of carriers with the transmis- 
sion data sequence obtained by the obtaining 
means according to an orthogonal frequency di- 
vision multiplexing (OFDM) modulation scheme to 
obtain OFDM transmission signals; and means for 
transmitting the OFDM transmission signals ob- 
tained by the modulator means to a transmission 
path. 

According to another aspect of the present 
invention there is provided a receiver device for 
digital signal transmission, comprising: means for 
receiving transmission signals from a transmission 
path, the transmission signals being obtained by 
modulating a plurality of carriers with transmission 
data sequence in which predetermined reference 
data for each carrier are placed among valid trans- 
mission data, according to an orthogonal frequency 
division multiplexing (OFDM) modulation scheme, 
the predetermined reference data indicating am- 
plitude and phase of prescribed reference points; 
demodulator means for demodulating the transmis- 
sion signals received by the receiving means to 
obtain received data sequence containing valid re- 
ceived data and received reference data; and 
means for estimating valid transmission data from 
the received data sequence obtained by the de- 
modulator means according to the valid received 
data, the received reference data, and the predeter- 
mined reference data for each carrier. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accom- 



panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a block diagram of a transmitter de- 

vice in one embodiment of an apparatus for digital 
signal transmission according to the present inven- 
tion. 

Fig. 2 is a block diagram of a receiver device 
w in one embodiment of an apparatus for digital sig- 
nal transmission according to the present invention. 

Fig. 3 is a diagram of an exemplary frame 
configuration in transmission data sequence to be 
used in one embodiment of a method for digital 
75 signal transmission according to the present inven- 
tion. 

Fig. 4 is a diagram showing carriers for carry- 
ing amplitude and phase reference data in each 
transmission symbol in the transmission data se- 
20 quence to be used in one embodiment of a method 
for digital signal transmission according to the 
present invention. 

Fig. 5A is a graph showing frequency distribu- 
tion of transmission data to be entered into an 
25 OFDM modulator in the transmitter of Fig. 1. 

Fig. 5B is a graph showing a baseband time 
base waveform to be outputted from an OFDM 
modulator in the transmitter of Fig. 1. 

Fig. 6 is a diagram of an exemplary signal 
30 points arrangement for each carrier modulated by 
16QAM according to one embodiment of a method 
for digital signal transmission according to the 
present invention. 

35 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to Figs. 1 and 2, one embodi- 
ment of an apparatus for digital signal transmission 
40 according to the present invention will be described 
in detail. 

In this embodiment, the apparatus comprises a 
transmitter device shown in Fig. 1 and a receiver 
device shown in Fig. 2. 

45 The transmitter device of Fig. 1 comprises: an 

interleave matrix unit 101 for interleaving valid 
transmission data entered thereto; a reference data 
memory 102 for memorizing predetermined am- 
plitude and phase reference data for each carrier; a 

so serial/parallel converter 103 connected to output 
sides of the interleave matrix unit 101 and the fixed 
reference data memory 102 through a transmission 
data switch 113; an OFDM modulator 104 con- 
nected to an output side of the serial/parallel con- 

55 verter 103; a parallel/serial converter 105 connect- 
ed to an output side of the OFDM modulator 104; a 
D/A converter 106 connected to an output side of 
the parallel/serial converter 105; a low pass filter 
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107 connected to an output side of the D/A con- 
verter 106; and a frequency converter 108 con- 
nected to an output side of the low pass filter 107 
which outputs transmission signals to be transmit- 
ted to a transmission path. 

In addition, the transmitter device of Fig. 1 
further comprises: a transmission data switch con- 
trol unit 109 for controlling the transmission data 
switch 113, so as to selectively connect one of the 
outputs of the interleave matrix unit 101 and the 
fixed reference data memory 102 to the 
serial/parallel converter 103; and a reference data 
position memory 110, a transmission symbol coun- 
ter 111, and a carrier number counter 112, all of 
which are connected to the transmission data 
switch control unit 109. 

The receiver device of Fig. 2 comprises: a 
frequency converter 201 to which the received sig- 
nals received from the transmission path are en- 
tered; a low pass filter 202 connected to an output 
side of the frequency converter 201; an A/D con- 
verter 203 connected to an output side of the low 
pass filter 202; a serial/parallel converter 204 con- 
nected to an output side of the A/D converter 203; 
an OFDM demodulator 205 connected to an output 
side of the serial/parallel converter 204; a 
parallel/serial converter 206 connected to an output 
side of the OFDM demodulator 205; a received 
reference data memory 207 connected to an output 
side of the parallel/serial converter 206 through a 
received data switch 216; a de-interleave matrix 
unit 208 connected to an output side of the 
parallel/serial converter 206 through a received 
data switch 216; a received data estimation unit 
209 connected to an output side of the de-inter- 
leave matrix unit 208 which outputs received data; 
and a reference data memory 210 connected to the 
received data estimation unit 209. 

In addition, the receiver device of Fig. 2 further 
comprises: a synchronization pulse generator 211 
connected between the low pass filter 202 and the 
OFDM demodulator 205; a received data switch 
control unit 214 for controlling the received data 
switch 216, so as to selectively connect the output 
of the parallel/serial converter 206 to one of the 
received reference data memory 207 and the de- 
interleave matrix unit 208; a transmission symbol 
counter 212 and a carrier number counter 213, 
both of which are connected between the frame 
and symbol synchronization pulse generator 211 
and the received data switch control unit 214; and 
a reference data position memory 215 connected 
to the received data switch control unit 214. 

Now, the operations of the transmitter device of 
Fig. 1 and the receiver device of Fig. 2 will be 
described in detail. 

First, the transmitter device of Fig. 1 operates 
as follows. 



In this transmitter device of Fig. 1, the valid 
transmission data are interleaved at the interleave 
matrix unit 101, and the interleaved valid transmis- 
sion data obtained by the interleave matrix unit 101 

5 and the predetermined amplitude and phase refer- 
ence data memorized by the reference data mem- 
ory 102 are supplied as a transmission data se- 
quence to the serial/parallel converter 103 through 
the transmission data switch 113 under the control 

w by the transmission data switch control unit 109. 

In this embodiment, the transmission data se- 
quence is formed in units of frames having a frame 
configuration as shown in Fig. 3, where each frame 
includes a synchronization symbol and 100 trans- 

w mission symbols. 

In this transmission data sequence, the valid 
transmission data and the reference data are ar- 
ranged as shown in Fig. 4. Namely, in the m-th 
transmission symbol, the n-th carrier carries the 

20 reference data for the n-th carrier only when a 
condition of "n mod 8 = m mod 8" holds. For 
example, in a case using 448 carriers in each 
transmission symbol, in the 1st transmission sym- 
bol (m = 1), the reference data are carried by the 

25 1st, 9th, , 441th carriers, while the remaining 
carriers carries the valid transmission data, and so 
on. In Fig. 4, the carriers for carrying the reference 
data in each transmission symbol are indicated by 
bold lines accompanied by their carrier numbers 

30 on top, while the carriers for carrying the valid 
transmission data are indicated by thin lines with- 
out carrier numbers. 

It is to be noted here that, in general, the 
condition "n mod k = m mod k" can be used in 

35 determining the carriers to carry the reference data 
in each transmission symbol. The appropriate value 
for k will be dependent on various signal transmis- 
sion conditions. 

It is also to be noted here that it is preferable 

40 to use different reference data for different carriers, 
in order to suppress the signal peak level. Thus, in 
Fig. 4, the reference data for the 1st carrier carried 
by the 1st carrier in the 1st transmission symbol is 
preferably be different from the reference data for 

45 the 9th carrier carried by the 9th carrier in the 1st 
transmission symbol. 

This arrangement of the transmission data se- 
quence as shown in Fig. 4 is realized by the 
switching operation by the transmission data switch 

so 113 under the control by the transmission data 
switch control unit 109. The transmission data 
switch control unit 109 controls the transmission 
data switch 113 by the switch control signal deter- 
mined according to the condition such as "n mod 8 

55 = m mod 8" memorized by the reference data 
position memory 110, a current transmission sym- 
bol number (m) counted by the transmission sym- 
bol counter 111, and a current carrier number (n) 
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counted by the carrier number counter 112. 

The serial/parallel converter 103 then applies 
the serial to parallel conversion to the supplied 
transmission data sequence in units of bits to be 
transmitted by one symbol, and supplies the 
serial/parallel converted transmission data se- 
quence to the OFDM modulator 104 in units of 
transmission symbols. 

The OFDM modulator 104 obtains the 
baseband time base waveform for each transmis- 
sion symbol by applying the Inverse Fast Fourier 
Transform (IFFT) to the supplied serial/parallel con- 
verted transmission data sequence in units of 
transmission symbols. 

For example, in a case a number of carriers in 
each transmission symbol is 448 and a number of 
IFFT points to be used in the IFFT is 1024, the 
serial/parallel converted transmission data se- 
quence entered into the OFDM modulator 104 can 
be represented as 448 complex data along a fre- 
quency axis as shown in Fig. 5A, where the carrier 
No. 1 to 224 are assigned to the IFFT point No. 2 
to 225, respectively, and the carrier No. 225 to 448 
are assigned to the IFFT point No. 801 to 1024, 
respectively. When the IFFT is applied to this 
serial/parallel converted transmission data se- 
quence of Fig. 5A, the baseband time base 
waveform as shown in Fig. 5B can be obtained. 

Here, in a case of applying 16QAM 
(Quadrature Amplitude Modulation) to each carrier, 
the signal points arrangement as shown in Fig. 6 
may be used. In this case, the reference data for 
each carrier can be set up in any desired manner. 
For example, the reference data for this carrier 
may indicate four corner points A, B, C, and D of 
the signal points for this carrier. Alternatively, the 
reference data for this carrier may indicate four 
points a, b, c, and d which are not a part of the 
signal points for this carrier. The reference data for 
each carrier may also indicate any number of 
points other than four. 

The further detail of the general operation of an 
OFDM modulator can be found in Le Floch et al, 
"Digital Sound Broadcasting to Mobile Receivers", 
IEEE Transactions on Consumer Electronics, Vol. 
35, No. 3, pp. 493-503, August 1989. 

The output of the OFDM modulator 104 is then 
supplied to the parallel/serial converter 105 in units 
of transmission symbols, and the parallel/serial 
converter 105 applies the parallel to serial conver- 
sion to the output of the OFDM modulator 104 to 
obtain a time base waveform. The parallel to serial 
converted baseband time base waveform is then 
D/A converted by the D/A converter 106, low pass 
filtered by the low pass filter 107, and frequency 
converted by the frequency converter 108, such 
that the OFDM transmission signals at a desired 
radio transmission frequency can be obtained. The 



obtained OFDM transmission signals are then 
transmitted to the transmission path toward the 
receiver device of Fig. 2. 

Next, the receiver device of Fig. 2 operates as 

5 follows. 

In the receiver device of Fig. 2, the received 
signals received from the transmission path are 
converted into the baseband signals by the fre- 
quency converter 201 and the low pass filter 202. 

10 The obtained baseband signals are then A/D con- 
verted by the A/D converter 203 and serial to 
parallel converted by the serial/parallel converter 
204, and supplied to the OFDM demodulator 205. 
Meanwhile, the baseband signals obtained at 

15 the low pass filter 202 are also supplied to the 
synchronization pulse generator 211, which gen- 
erates the frame synchronization pulses and the 
symbol synchronization pulses from the synchro- 
nization symbol in each frame of the baseband 

20 signals. 

The OFDM demodulator 205 carries out the 
inverse operation of the operation carried out by 
the OFDM modulator 104 in the transmitter device 
of Fig. 1. Namely, the OFDM demodulator 205 

25 obtains received data sequence in a form of com- 
plex data along the frequency axis by applying the 
Fast Fourier Transform (FFT) to the supplied 
baseband signals in units of transmission symbols, 
in accordance with the symbol synchronization 

30 pulses generated by the synchronization pulse 
generator 21 1 . 

The received data sequence obtained by the 
OFDM demodulator 205 is then parallel to serial 
converted by the parallel/serial converter 206, and 

35 then separated into the valid received data and the 
amplitude and phase reference data by the re- 
ceived data switch 216 under the control by the 
received data switch control unit 214. The am- 
plitude and phase reference data separated from 

40 the received data sequence are supplied to the 
received reference data memory 207, while the 
valid received data separated from the received 
data sequence are supplied to the de-interleave 
matrix unit 208. 

45 Here, the received data switch control unit 214 

realizes this separation of the amplitude and phase 
reference data and the valid received data by con- 
trolling the switching operation of the received data 
switch 216 by using the switch control signal deter- 

50 mined according to the same condition as that 
memorized by the reference data position memory 
110 in the transmitter device of Fig. 1 such as "n 
mod 8 = m mod 8" which is memorized by the 
reference data position memory 215, a current 

55 transmission symbol number (m) counted by the 
transmission symbol counter 212, and a current 
carrier number (n) counted by the carrier number 
counter 213. These transmission symbol counter 
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212 and the carrier number counter 213 operates 
in accordance with the frame synchronization 
pulses and the symbol synchronization pulses gen- 
erated by the synchronization pulse generator 21 1 . 

The valid received data separated at the re- 
ceived data switch 216 are then de-interleaved by 
the de-interleave matrix unit 208, while the am- 
plitude and phase reference data separated at the 
received data switch 216 are temporarily stored in 
the received reference data memory 207. 

Finally, the received data estimation unit 209 
estimates the valid transmission data transmitted 
by the transmitter device of Fig. 1 , for each carrier 
in each transmission symbol, according to the re- 
ceived amplitude and phase reference data stored 
in the received reference data memory 207, the 
de-interleaved valid received data supplied from 
the de-interleave matrix unit 208, and the predeter- 
mined amplitude and phase reference data for 
each carrier memorized by the reference data 
memory 210 which are identical to those memo- 
rized by the reference data memory 102 of the 
transmitter device of Fig. 1, as follows. 

Namely, for each carrier in each transmission 
symbol, the valid received data D RX , the received 
reference data S RX , the predetermined reference 
data Six, and the valid transmission data Djx have 
the following relationship (1): 

D-dc/Drx = S-oc/Srx (1) 

so that the valid transmission data Djx can be 
estimated from the valid received data D RX , the 
received reference data S RX , and the predeter- 
mined reference data Sjx, according to the follow- 
ing equation (2): 

Djx = D RX • Sjx/Srx (2) 

where each of the valid received data D RX , the 
received reference data S RX , the predetermined 
reference data S-nx, and the valid transmission data 
D-rx is given as a complex quantity. 

In this embodiment, it becomes possible to 
realize the digital signal transmission using OFDM 
modulation scheme in which the valid transmission 
data can be reproduced without requiring a recov- 
ery of the carriers at a receiver side, because the 
valid transmission data are estimated by using the 
reference data transmitted along with the valid 
transmission data in the transmission signals. 

In addition, in this embodiment, it also be- 
comes possible to realize the digital signal trans- 
mission using OFDM modulation scheme in which 
the increase of the signal power due to the trans- 
mission of the reference data can be suppressed, 
because the reference data are uniformly distrib- 
uted over a plurality of transmission symbols such 



that every transmission symbol has approximately 
equivalent average signal power. 

Moreover, in this embodiment, it also becomes 
possible to realize the digital signal transmission 

5 using OFDM modulation scheme in which the in- 
crease of the signal peak level due to the transmis- 
sion of the reference data can be suppressed, 
because the reference data are distributed over a 
plurality of transmission symbols such that each 

w transmission symbol carries the reference data for 
only a fraction of the carriers. 

Furthermore, in this embodiment, it also be- 
comes possible to realize the digital signal trans- 
mission using OFDM modulation scheme in which 

75 the influence of an error in the amplitude and 
phase reference data on the entire transmission 
signals can be reduced, because the reference 
data are distributed over a plurality of transmission 
symbols and each transmission symbol carries the 

20 reference data for only a fraction of the carriers so 
that the transmission error of one transmission 
symbol do not cause the long burst error, as long 
as the neighboring transmission symbols are trans- 
mitted without errors. 

25 It is to be noted that, besides those already 

mentioned above, many modifications and vari- 
ations of the above embodiment may be made 
without departing from the novel and advantageous 
features of the present invention. Accordingly, all 

30 such modifications and variations are intended to 
be included within the scope of the appended 
claims. 

Claims 

35 

1. A method for digital signal transmission, com- 
prising the steps of: 

(a) obtaining transmission data sequence by 
placing predetermined reference data for 

40 each carrier among valid transmission data, 

the predetermined reference data indicating 
amplitude and phase of prescribed refer- 
ence points; 

(b) modulating a plurality of carriers with the 
45 transmission data sequence obtained at the 

step (a) according to an orthogonal frequen- 
cy division multiplexing (OFDM) modulation 
scheme to obtain OFDM transmission sig- 
nals; 

50 (c) transmitting the OFDM transmission sig- 

nals obtained at the step (b) to a transmis- 
sion path; 

(d) receiving the OFDM transmission signals 
from the transmission path; 
55 (e) demodulating the OFDM transmission 

signals received at the step (d) to obtain 
received data sequence containing valid re- 
ceived data and received reference data; 
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and 

(f) estimating the valid transmission data 
used at the step (a) from the received data 
sequence obtained at the step (e) according 
to the valid received data, the received ref- 
erence data, and the predetermined refer- 
ence data for each carrier. 

2. The method of claim 1 , wherein at the step (a), 
the transmission data sequence is obtained in 
units of frames, where each frame contains a 
plurality of transmission symbols and each 
transmission symbol is carried by the plurality 
of carriers, and wherein at the step (f), the 
valid transmission data Djx is estimated from 
the valid received data D RX , the received refer- 
ence data S RX , and the predetermined refer- 
ence data S-rx by calculating an equation: 

Dtx = D RX • Stx/Srx 

for each carrier in each transmission symbol. 

3. The method of claim 1, wherein the predeter- 
mined reference data for each carrier is set to 
be different from the predetermined reference 
data for carriers other than said each carrier. 

4. The method of claim 1 , wherein at the step (a), 
the transmission data sequence is obtained in 
units of frames, where each frame contains a 
plurality of transmission symbols and each 
transmission symbol is carried by the plurality 
of carriers, and the predetermined reference 
data are placed among the valid transmission 
data such that a fraction of said plurality of 
carriers for carrying said each transmission 
symbol carry the predetermined reference data 
for the fraction of said plurality of carriers while 
a remaining part of said plurality of carriers for 
carrying said each transmission symbol carry 
the valid transmission data, and the predeter- 
mined reference data for all of said plurality of 
carriers are distributed among a prescribed 
number of the transmission symbols. 

5. The method of claim 4 wherein at the step (a), 
the predetermined reference data are placed 
among the valid transmission data such that, in 
an m-th transmission symbol, an n-th carrier 
carries the predetermined reference data for 
the n-th carrier only when a condition of "n 
mod k = m mod k" holds, where k, m, and n 
are integers. 

6. The method of claim 1 , wherein at the step (b), 
each of said plurality of carriers is modulated 
by a multi-level modulation. 



7. A transmitter device for digital signal transmis- 
sion, comprising: 

means for obtaining transmission data se- 
quence by placing predetermined reference 

5 data for each carrier among valid transmission 

data, the predetermined reference data indicat- 
ing amplitude and phase of prescribed refer- 
ence points; 

modulator means for modulating a plurality 

w of carriers with the transmission data sequence 

obtained by the obtaining means according to 
an orthogonal frequency division multiplexing 
(OFDM) modulation scheme to obtain OFDM 
transmission signals; and 

75 means for transmitting the OFDM trans- 

mission signals obtained by the modulator 
means to a transmission path. 

8. The transmitter device of claim 7, wherein the 
20 obtaining means obtains the transmission data 

sequence by using the predetermined refer- 
ence data for each carrier which is set to be 
different from the predetermined reference 
data for carriers other than said each carrier. 

25 

9. The transmitter device of claim 7, wherein the 
obtaining means obtains the transmission data 
sequence in units of frames, where each frame 
contains a plurality of transmission symbols 

30 and each transmission symbol is carried by 

the plurality of carriers, and the obtaining 
means obtains the transmission data sequence 
by placing the predetermined reference data 
among the valid transmission data such that a 

35 fraction of said plurality of carriers for carrying 

said each transmission symbol carry the pre- 
determined reference data while a remaining 
part of said plurality of carriers for carrying 
said each transmission symbol carry the valid 

40 transmission data, and the predetermined ref- 

erence data for all of said plurality of carriers 
are distributed among a prescribed number of 
the transmission symbols. 

45 10. The transmitter device of claim 9, wherein the 
obtaining means obtains the transmission data 
sequence by placing the predetermined refer- 
ence data among the valid transmission data 
such that, in an m-th transmission symbol, an 

50 n-th carrier carries the predetermined refer- 

ence data for the n-th carrier only when a 
condition of "n mod k = m mod k" holds, 
where k, m, and n are integers. 

55 11. The transmitter device of claim 7, wherein the 
modulator means modulates each of said plu- 
rality of carriers by a multi-level modulation. 
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12. The transmitter device of claim 7, wherein the 
obtaining means further comprises: 

interleave matrix means for interleaving the 
valid transmission data; 

reference data memory means for memo- 
rizing the predetermined reference data for 
each carrier; 

switch means for selectively connecting 
one of the interleave matrix means and the 
reference data memory means to the modula- 
tor means so as to supply the transmission 
data sequence in which the predetermined ref- 
erence data for each carrier memorized by the 
reference data memory means are placed 
among the valid transmission data interleaved 
by the interleave matrix means to the modula- 
tor means; and 

switch control means for controlling an 
switching operation by the switch means ac- 
cording to a prescribed reference data position 
information indicating prescribed positions in 
the transmission data sequence at which the 
predetermined reference data are to be placed. 

13. A receiver device for digital signal transmis- 
sion, comprising: 

means for receiving transmission signals 
from a transmission path, the transmission sig- 
nals being obtained by modulating a plurality 
of carriers with transmission data sequence in 
which predetermined reference data for each 
carrier are placed among valid transmission 
data, according to an orthogonal frequency di- 
vision multiplexing (OFDM) modulation 
scheme, the predetermined reference data in- 
dicating amplitude and phase of prescribed 
reference points; 

demodulator means for demodulating the 
transmission signals received by the receiving 
means to obtain received data sequence con- 
taining valid received data and received refer- 
ence data; and 

means for estimating valid transmission 
data from the received data sequence obtained 
by the demodulator means according to the 
valid received data, the received reference 
data, and the predetermined reference data for 
each carrier. 

14. The receiver device of claim 13, wherein the 
transmission data sequence is given in units of 
frames, where each frame contains a plurality 
of transmission symbols and each transmission 
symbol is carried by said plurality of carriers, 
and estimating means estimates the valid 
transmission data Djx from the valid received 
data D RX , the received reference data S RX , and 
the predetermined reference data St* by cal- 



culating an equation: 
Dtx - Drx • Stx/Srx 
5 for each carrier in each transmission symbol. 

15. The receiver device of claim 13, wherein the 
predetermined reference data for each carrier 
is set to be different from the predetermined 

w reference data for carriers other than said each 

carrier. 

16. The receiver device of claim 13, wherein the 
transmission data sequence is given in units of 

w frames, where each frame contains a plurality 

of transmission symbols and each transmission 
symbol is carried by said plurality of carriers, 
and the predetermined reference data are 
placed among the valid transmission data such 

20 that a fraction of said plurality of carriers for 

carrying said each transmission symbol carry 
the predetermined reference data while a re- 
maining part of said plurality of carriers for 
carrying said each transmission symbol carry 

25 the valid transmission data, and the predeter- 

mined reference data for all of said plurality of 
carriers are distributed among a prescribed 
number of the transmission symbols. 

30 17. The receiver device of claim 16, wherein the 
predetermined reference data are placed 
among the valid transmission data such that, in 
an m-th transmission symbol, an n-th carrier 
carries the predetermined reference data for 

35 the n-th carrier only when a condition of "n 

mod k = m mod k" holds, where k, m, and n 
are integers. 

18. The receiver device of claim 13, wherein each 
40 of said plurality of carriers is modulated by a 

multi-level modulation. 

19. The receiver device of claim 13, further com- 
prising means for separating the valid received 

45 data and the received reference data from the 

received data sequence obtained by the de- 
modulator means. 

20. The receiver device of claim 19, wherein the 
50 separating means further comprises: 

de-interleave matrix means for de-inter- 
leaving the valid received data; 

received reference data memory means 
for memorizing the received reference data for 
55 each carrier; 

switch means for connecting the de- 
modulator means with one of the de-interleave 
matrix means and the received reference data 



9 



15 EP 0 553 841 A2 16 



memory means selectively such that the de- 
modulator means is connected with the de- 
interleave matrix means while the demodulator 
means outputs sections of the received data 
sequence containing the valid received data, 5 
whereas the demodulator means is connected 
with the received reference data memory 
means while the demodulator means outputs 
sections of the received data sequence con- 
taining the received reference data; and 10 

switch control means for controlling an 
switching operation by the switch means ac- 
cording to a prescribed reference data position 
information indicating prescribed positions in 
the received data sequence at which the re- w 
ceived reference data are supposed to be 
placed. 
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